Introduction
Tregs, which are characterized by the expression of the transcription factor Foxp3, are instrumental in the induction and maintenance of immune tolerance and homeostasis (1, 2); however, the molecular mechanisms underlying Treg-mediated immunoregulatory functions remain elusive. This issue is complex, considering that Tregs are capable of executing their immunosuppressive activity against a broad and diverse array of antigens and within different microenvironments. For example, Tregs can suppress IFN-γ-producing Th1, IL-17-producing Th17, and IL-4-producing Th2 responses. This leads to the question: Do Tregs use universal suppressive mechanisms or do these cells employ environmentally orientated programs of suppression enacted in response to distinct inflammatory cues?
It is generally accepted that Tregs use an arsenal of mechanisms to suppress the immune response through certain surface molecules (e.g., CTLA4, CD25, CD73, CD39) and secretion of immunoregulatory cytokines (e.g., TGF-β, IL-10) (3, 4). These mechanisms explain many, but not all, of the immunosuppressive activities of Tregs. Recent evidence suggests that Tregs suppress different types of T cellmediated immune responses through the acquisition of specific T effector cell transcriptional programs, depending on the context and the location of inflammation (5). For example, Treg-mediated specific suppression of Th1 cells requires the expression of the transcription factor T-box 21 (TBET). Treg-specific deletion of Tbet results in uncontrolled type 1 inflammation (6) . In a similar vein, Treg-specific deletion of the gene encoding STAT3 leads to dysregulated Th17 responses (7), implying a key role for STAT3 in Treg control of Th17-mediated inflammation. Intriguingly, Treg-specific knockout of Irf4, a transcription factor involved in both Th2 and Th17 cell differentiation, causes the selective dysregulation of autoreactive Th2 responses, suggesting that IRF4 is required for Treg suppression of Th2 cells (8) . In this issue of the JCI, Jin et al. (9) reveal an indispensable function of Itch, a HECT (homologous to E6-associated protein C terminus) E3 ubiquitin ligase, in Treg-regulated Th2 responses in mice. Targeted deletion of Itch in Foxp3 + cells resulted in the uncontrolled production of IL-4, IL-5, and IL-13 by Tregs and, surprisingly, by Itch-sufficient CD4 + effector T cells (9) .
Without Itch in Tregs, Th2-type inflammation is uncontrolled Itch was originally identified in a mutant mouse that displayed skin scratching and abnormal immune disorders (10) . Itch -/-mice exhibit swollen lymph nodes, enlarged spleens, and increased Th2-type inflammation in the lungs and digestive tract (11) . The excess Th2 inflammation in these mice was attributed to the inability of Itch -/-CD4 + T cells to differentiate into inducible Tregs (iTregs ) (12, 13) 
Itch-deficient Tregs have Th2 properties
An examination of cytokine production by Itch -deficient Tregs revealed that they produced large amounts of Th2 cytokines in vitro. Furthermore, Itch-deficient, Foxp3-negative "ex-Tregs" produced even greater amounts of Th2 cytokines. The unrestrained Th2 cytokine production in Itch-deficient Tregs was accompanied by T cell activation and increased expression of some Treg-associated markers; however, it is not clear whether changes in Treg markers are important in the immune response. Itch-deficient Tregs also produced enhanced Th2 cytokines in an OVAmediated experimental model of allergic asthma. Together, these findings reveal a previously unrecognized function of Itch in preventing the acquisition of Th2-like properties in Tregs.
Examination of the expression of transcription factors critical for driving the Th2 differentiation program revealed that expression of the GATA-binding protein 3 gene (Gata3) and the transcription factor cMaf were increased in Itch-deficient Tregs. TCR stimulation further increased GATA3 expression and promoted phosphorylation of STAT6 in Itch-deficient Tregs. Importantly, the functional relevance of GATA3 from the spleen and peripheral lymph nodes produced larger amounts of the Th2 cytokines IL-4, IL-5, and IL-13, but normal levels of Th1 and Th17 cytokines; however, CD4 + T cells isolated from the lungs of Itch f/f Foxp3 Cre mice had a higher proportion of Th17 cells along with increased Th2 cytokines. These findings suggest that a lack of Itch in Tregs leads to systemic T cell activation, which skews toward Th2 cytokine production.
It is known that a reduction in Treg numbers, downregulation of 
